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A multiple access communications system reuses a set of N carrier frequencies in adjacent comm 
to provide more than N minimally cross-correlated frequency-hopping communications channels, 
communications channels is associated with a first of the communications sites. No two of the ch; 
first set employ the same frequency at the same time. A second set of communications channels 
with a second of the adjacent communications sites. No two of the channels in the second set of i 
the same one of the N carrier frequencies at the same time. One or more sets of the minimally cr 
channels are further defined so that none of the channels in such sets employ the same frequenc 
time as more than a predetermined number of the channels in another of the sets of the minimal 
correlated frequency-hopping communications channels. The signal activity level of a frequency-r 
transmission is detected on one of the frequencies of the hopping pattern. The transmission is de 
the signal is silent. When signal activity resumes, the signal is transmitted with a new hopping se 
Having described the invention, what is claimed as new and secured by Letters Patent is: 



1 . A method of providing multiple access communications in a communication system having a pi 
frequency channels in which signals are transmitted, comprising the steps of: 

transmitting a signal spread over the plurality of fixed frequency channels in accordance with a si 
frequency channels; 

detecting the signed activity level of the transmission of the signal on one of the plurality of fixed 
channels to generate a voice activity signal; 

deactivating the transmission of the signal when the voice activity signal indicates that the signal 
transmitting the signal in accordance with a new sequence of frequency channels when signal act 

2. A multiple access communication system, comprising: 

means for transmitting a signal spread over a plurality of fixed frequency channels in accordance 
of frequency channels; 

means for detecting the signal activity level of the transmission of the signal on one of the plurali 
frequency channels to generate a voice activity signal; 

means for deactivating the transmission of the signal when the voice activity signal indicates that 
silent; and 

means for transmitting the signal in accordance with a new sequence of frequency channels wher 
resumes. 

iption: BACKGROUND OF THE INVENTION 



This invention relates generally to radiotelephone systems, and, more particularly, relates to met 
apparatus for implementing spread spectrum, frequency-hopping techniques in a radiotelephone 
system for use in specialmobile radio (SMR). 

A plurality of communications channels may be defined in a given bandwidth of the radio frequen 
provide a radiotelephone system by assigning a plurality of distinct carrier frequencies in the ban 
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each channel. Suchsystems are called frequency-division multiple access (FDMA) systems. Altern 
communications channels may be defined by assigning discrete time slots for using a given carrie 
Such systems are called time division multiple access(TDMA) systems. In a still different system 1 
may be defined by what is known as code division multiple access (CDMA). 

One type of communications system that can be a CDMA system is a spread spectrum system. S| 
communications systems can be implemented as multiple access systems in a number of differen 
One type of multiple accessspread spectrum system is a code division multiple access (CDMA) sy 
spread spectrum systems may use direct sequence (DS-CDMA) or frequency hopping (FH-CDMA) 
spreading techniques. FH-CDMA systems can be further divided into slowfrequency hopping (SFH 
frequency hopping (FFH-CDMA) system. In SFH-CDMA systems, several data symbols, representi 
data bits that are to be transmitted, modulate the carrier frequency within a single hop. In FFH-C 
contrast, the carrier frequency hops (changes) several times per data symbol. 

FH-CDMA techniques have been proposed for cellular radiotelephone systems by Cooper and Net1 
was proposed in the context of cellular systems by Gilhousen et al. 

There is increased channel capacity in a CDMA system over an FDMA system. The reason is that i 
both types of systems are interference limited, the capacity of a FDMA system is determined by t 
interference that may exist inthe bandwidth, whereas the capacity of a CDMA system is determin 
average interference over the entire bandwidth. Such average interference is usually much smalli 
case interference, unless the interference is the same in allparts of the bandwidth. Additionally, C 
inherently incorporate frequency diversity, which mitigates multipath effects. Further, because of 
averaging ability of the CDMA system, the employment of Voice Activity Detection andDiscontinui 
(VAD) techniques increases the capacity by reducing the average interference level by the duty r; 
speech. By utilizing appropriate parameters, both DS-CDMA and FH-CDMA can provide similar av 
capabilities. 

A further advantage of FH-CDMA systems is that the bandwidth employed need not be contiguou: 

Frequency hopping and direct sequence techniques have been proposed and utilized in a number 
spectrum radio-telephone systems. Examples of such systems are set forth in the following: 

3,239,761 Goode 5,048,057 Saleh et al 4,066,96 

4,176,316 DeRosa et al 4,554,668 Deman et al 4,979,170 Gilhousen et al 5,099,495 Mikoshiba e 
Gilhousen et al 5,051 ,998Murai et al 4,222,1 15 Cooper et al 4,704,734 Menich et al 4,933,954 R 
Scheller et al 5,065,449 Gordon et al 5,067,173 Gordon et al 4,144,41 1 Frenkiel 4,794,635 Hess 
Gilhousen et al EP 391 ,597 UK 2,242,806 

WO91/13502 

WO91/15071 

W091/12681 

W091/12681 

U.K. Patent Application 2,242,806 
U.K. Patent Application 2,242,805 

Cooper et al, "A SPREAD SPECTRUM TECHNIQUE FOR HIGH CAPACITY MOBILE COMMUNICATION 

Viterbi, "NON-LINEAR ESTIMATION OF PSK-MODULATED CARRIER PHASE WITH APPLICATION TC 
TRANSMISSION". 1982, IEEE 

Omura et al, "CODED ERROR PROBABILITY EVALUATION FOR ANTI JAM COMMUNICATION SYSTEI 

Lempel et al, "FAMILIES OF SEQUENCES WITH OPTIMAL HAMMING CORRELATION PROPERTIES". 

Verhulst et al, "SLOW FREQUENCY HOPPING MULTI PLE ACCESS FOR DIGITAL CELLULAR RADIO 1 
1984, IEEE 

Mathematics which can be used for achieving orthogonality in a FH-CDMA system was suggested 
Greenberger in an article "Families of Sequences with Optimal Hamming Correlation Properties" p 
Transactions on Information Theory, Vol. IT 20, No. 1 January 1974. 
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U.S. Pat. No. 4,850,063 to Smith is directed to a dialing and synchronization sequence for a freqi 
radiotelephone communication system. This patent teaches a system in which all frequency hopp 
defined by using asequence of carrier frequencies within a bandwidth such that no one carrier fre 
by more than one channel at the same time. In this system, fewer frequency hopping channels c; 
a given bandwidth than would be provided if eachcarrier frequency defined a separate channel. 

U.S. Pat. No. 4,554,668 to Deman et al. discloses a frequency hopping radio communications sys 
master station is used to communicate digitally with a plurality of slave stations. Each slave statii 
carrier frequencysequence, permanently assigned to it, to define its communications channel. Tin 
is extracted from the data stream. 

UK patent application GB 242 805 A of Ramsdale et al. discloses that interference can be reducec 
sectorized into a group of smaller cells by means of a directional antenna; and also discloses that 
interferencereduction, adjacent microcells normally used different channels, as determined by a c 
allocation scheme. However, when movement of a handset is detected (such as by marginally BE 
strength or delay measurements), then a common"umbrella" channel is allocated to that handset 
microcells within a group of adjacent of nearby cells, that is a sub-array of the array. 

U.S. Pat. No. 4,901 ,307 to Gilhousen indicates that in order to obtain a large number of users th( 
error correcting coded communication signals using code division multiple access (CDMA) spread 
transmission, and disclosesthe use of different size cells. This patent also discloses beam steering 
directional antenna to reduce interference in a CDMA spread spectrum radio telephone system, a 
antenna. 

Application WO 92/00639 discloses that information communicated on the cellular-to-mobile link 
encoded, interleaved, bi-phase (BPSK) modulated with orthogonal covering of each BPSK symbol 
quadrature phase shift key (QPSK)spreading of the covered symbols. 

An article entitled Slow frequency Hopping Multiple Access for Digital Cellular Radiotelephone by ' 
published in IEEE Journal on Selected Areas in Communications, Vol. Sac-2, No. 4, July 1984, pai 
that one drawbackof frequency hopping multiple access is a reduction of spectrum efficiency, but 
control and silence detection are used, good capacity can be attained. 

U.S. Pat. No. 4,144,411 to Frenkiel disclosesthe use of different cell sizes in a mobile communics 

PCT application WO 91/1 5071 discloses the use of a multiplicity of cells referred to as clusters. 

U.S. Pat. No. 4,704,734 discloses a Method and Apparatus for Signal Strength Measurement and 
Selection in Cellular Radio Telephone Systems. 

PCT application WO 91/12681 discloses an Interconnecting and Processing System for Facilitating 
Hopping. 

PCT application WO 91/13502 discloses a system utilizing Shared-Carrier Frequency-Hopping. 

U.S. Pat. No. 5,056,1 09 discloses a power control system that acts in response to power in the cc 
signal received and signals that are generated at the remote station that are transmitted back. 

U.S. Pat. No. 5,048,057 to Saleh et al. discloses a Wireless Local Area Network utilizing codes exl 
diversity, and the use of side information by the decoder to improve its ability to accurately recov 
presence ofinterference. This patent also mentions soft decision decoding. 

PCT patent application number WO 92/00639 discloses a system with path diversity for a local ar 
telephone system . 

Conventional spread-spectrum frequency hopping communications systems exemplified by the at 
patents and publications, however, have a number of deficiencies. In particular, in some such sys 
to define channels with minimuminterference, the number of usable communications channels de 
the number of discrete, carrier frequencies used. This is characteristic, for example, of the systen 
Smith patent listed above. 

It is an object of this invention to provide a frequency hopping spread spectrum radiotelephone s 
SMR systems. 

It is accordingly an object of the invention to provide improved radiotelephone communication m 
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apparatus. 

It is another object of the invention to provide a radiotelephone communication system wherein t 
discrete, usable communications channels exceeds the number of assigned carrier frequencies. 

It is a further object of the invention to provide a radiotelephone communications system such th 
more evenly distributed among the communications channels to provide more quality communica 

Other general and specific objects of the invention will in part be obvious and will in part appear I 

SUMMARY OF THE I NVENTION 

The foregoing objects are attained by the invention, which in one aspect provides a multiple acce 
communications system in which a set of N carrier frequencies are reused in adjacent communis 
provide greater than N m inimallycross correlated frequency hopping communications channels. T 
includes apparatus for defining a first set of minimally cross correlated frequency hopping commi 
channels associated with a first of the communications sites in which notwo of the channels in th< 
minimally cross correlated frequency hopping communications channels employ the same one of 
frequencies at the same time and apparatus for defining a second set of the minimally cross corn 
hopping communications channels associated with a second of the adjacent communications site; 
of the channels in the second set of the minimally cross correlated frequency hopping communics 
employ the same one ofthe N carrier frequencies at the same time. 

In a further aspect of this invention the system also includes apparatus for defining a third set of 
cross correlated frequency hopping communications channels associated with a third of the adjac 
communications sites in which notwo of the channels in the third set of the minimally cross corre 
hopping communications channels employ the same one of the N carrier frequencies at the same 

In accordance with a still further aspect of this invention one or more sets of the minimally cross 
channels are further defined so that no one of the channels in such set or sets of the minimally ci 
frequency hoppingcom m unications channels employ the same one of the N carrier frequencies at 
as more than a predetermined number of the channels in another of the sets of the minimally crc 
frequency hopping communications channels, where thepredetermined number is the minimum n 
channels possible. In the preferred embodiment the predetermined number is one. 

Yet another aspect of this invention is that the second and third sets of the minimally cross corre 
hopping communications channels are decimated transformations of each of the minimally cross i 
frequency hoppingcom m unications channels in the first set. 

Each of the minimally cross correlated frequency hopping communications channels in the first se 
unique sequence of the frequencies and the decimating transformation is performed on each of tf 
cross correlatedfrequency hopping communications channels in the first set by selecting frequenc 
the minimally cross correlated frequency hopping communications channels in the first set in thei 
order skipping a first decimation number offrequencies in the sequence and repeating this proces 
remaining frequencies in the sequence of each channel in their remaining order until all of the fre 
channel are used to define a second set of minimally cross correlatedfrequency hopping commun 
and a second decimating transformation is performed on each of the minimally cross correlated fi 
hopping communications channels in the first set by selecting frequencies from each of the minirr 
crosscorrelated frequency hopping communications channels in the first set in their sequential on 
second decimation number of frequencies in the sequence and repeating this process on the rem: 
frequencies in the sequence of each channel intheir remaining order until all of the frequencies in 
are used to define a third set of minimally cross correlated frequency hopping communications ch 
the first and second decimation numbers are different and each is less thanthe minimum factor o 

In a yet further aspect of this invention the system also includes apparatus for selectively encodir 
information signals on certain of the minimally cross correlated frequency hopping com m unicatioi 
that there is a redundantrelationship between channel bits. The error correcting code sets this rel 
the decoder utilizes it for error correction. 

In the preferred embodiment of this invention soft decision making and side information are emp 
decoding. Voice activity detection is also employed to measure signal activity levels for selective!; 
channels to subscribers. Apparatus is also provided for performing a conference call between a pi 
subscribers in a site by causing each of the subscribers to employ the same channel. Additional s 
be included in such conference call in other sites byusing the same approach and other conventio 
methods can be used to add parties using other telephone systems. 
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The invention further contemplates an electronically controlled antenna, apparatus responsive to 
for controlling the antenna to provide a first antenna radiation pattern for defining the first of the 
communicationssites, apparatus responsive to a control signal for controlling the antenna to prov 
antenna radiation pattern which overlaps with the first antenna radiation pattern at a boundary ft 
second of the adjacent communications sites;and apparatus responsive to the number of the sysl 
using each of the first and second of the adjacent communications sites for affecting the control £ 
the boundary. 

The invention also contemplates apparatus for defining a first microsite within one or more of the 
communications sites, the first microsite also reusing the N frequencies. The micro-site has no gr 
the average power as theadjacent communications site it is in. 

The present invention contemplates the option of direct communication between subscribers if th 
the micro-site by causing one of the two subscribers to communicate uplink with a first downlink 
downlink with an firstuplink channel, and causing the other of the two subscribers to communicat 
first uplink channel and downlink on the first downlink channel. 

The invention will next be described in connection with certain illustrated embodiments; however 
clear to those skilled in the art that various modifications, additions and subtractions can be mad 
departing from the spiritor scope of the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a fuller understanding of the nature and objects of the invention, reference should be made ti 
detailed description and the accompanying drawings, in which: 

FIG. 1 is a schematic diagram depicting a first plurality of communications sites operating in acco 
mobile communications system of the invention particularly suited for SMR systems; 

FIG. 2 is a schematic diagram depicting operation of another embodiment of the invention, and s 
plurality of communications sites suited for cellular systems; 

FIGS. 3A, 3B, 3C depict the construction of communications channels from sequences of frequeni 
accordance with the invention; 

FIG. 4 depicts a decimation transform in accordance with the invention; 

FIG. 5 depicts the temporal relationship between frequency hops and transmission of digital infor 
accordance with the invention; 

FIG. 6 is a block diagram depicting an encoding/decoding configuration in accordance with the in' 
FIG. 7 is a block diagram depicting the structure of a voice activity detection circuit in accordance 

FIG. 8 is a block diagram depicting duplex operation in accordance with the invention; and 

FIG. 9 is a block diagram depicting an embodiment of the invention utilizing an electronic antenn, 
control apparatus. 

DESCRIPTION OF ILLUSTRATED EMBODIMENTS 
System Overview 

FIG. 1 is a schematic diagram depicting a first plurality of communications sites operating in acco 
mobile communications system of the invention. 

Referring to FIG. 1 , a geographic service coverage area scheme is shown. The geographic area oi 
divided into a plurality of communications sites 1 02, 1 04, 1 06, 1 08 which are each served by a ci 
communications station 1 10 having a sectorized antenna 112. Of course as in most real systems t 
perfect geographic isolation between the various sectors. One sector of the sectorized antenna 1 1 
of the sites 102, 104, 106, and 108. 

A set of N carrier frequencies are reused in adjacent communications sites to provide greater tha 
cross correlated frequency hopping communications channels. This result is attained by defining ; 
minimally crosscorrelated frequency hopping communications channels associated with the first o 
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communications sites 102 such that no two of the channels in the first set of the minimally cross 
frequency hopping communications channels employ the sameone of the N carrier frequencies at 
Apparatus and methods for defining the first set of communications channels is discussed in grea 
hereinafter in connection with FIGS. 3 and 4. As used herein, the term channel refers toeither a £ 
channel or one which can be further subdivided into subchannels through known ways such as tir 
multiplexing. 

A second set of the minimally cross correlated frequency hopping communications channels assot 
second of the adjacent communications sites 104 is defined such that no two of the channels in tl 
the minimally crosscorrelated frequency hopping communications channels employ the same one 
frequencies at the same time. Apparatus and methods for defining the second set of communicat 
discussed in greater detail hereinafter. 

Moreover, a third set of the minimally cross correlated frequency hopping communications chann 
with the third of the adjacent communications sites 1 06 is defined such that no two of the channf 
set of the minimallycross correlated frequency hopping communications channels employ the sarr 
carrier frequencies at the same time. Apparatus and methods for defining the third set of commu 
channels is discussed in greater detail hereinafter. 

In a preferred embodiment of the invention, at least one set of the minimally cross correlated ch; 
so that no one of the channels in such set or sets of the minimally cross correlated frequency hop 
communications channelsem ploy the same one of the N carrier frequencies at the same time as r 
predetermined number of the channels in another of the sets of the minimally cross correlated fr< 
communications channels. This predetermined number ofchannels is the minimum number of cha 
In the preferred embodiment the predetermined number is one. This property is discussed in gre, 
hereinafter in connection with FIGS. 3A, 3B, 3C, and 4. 

Conventional CDMA systems can operate only under a multicell frequency reuse pattern, which is 
control interference. This may cause serious frequency management problems, particularly when 
to an existing cellularsystem. On the other hand, the CDMA system described herein can implemf 
frequency reuse pattern--i.e., the same frequencies can be reused in every communications site- 
the frequency planning problem that hampers currentcellular systems. Furthermore, a cell may b 
more than one communication site, as depicted in FIG. 1 , which can be an important source for c 
For example, by dividing each omni-cell into four communications sites, asindicated in FIG. 1 , eai 
same N carrier frequencies, significant additional channel capacity can be attained in the geograp 
as compared with a system that does not have the same frequency reuse pattern. 

Cellular Configuration 

FIG. 2 is a schematic diagram depicting operation of another embodiment of the invention having 
communications sites suited for cellular systems. In the illustrated cellular configuration, the geoi 
coverage 200 isdivided into four communication cells 202, 204, 206, 208 which are each served 1 
communications station and corresponding antenna 212, 214, 216, 218. As in the system discuss 
with FIG. 1, perfect geographic isolation doesnot exist between the various cells. In particular, ar 
exist between the communications cells 202, 204, 206, 208. In conventional cellular systems, int 
these areas of overlap has posed significant difficulty. In connectionwith the invention, however, 
the regions of overlap is minimized in the manner described above with regard to FIG. 1 . More sp 
system provides sets of self orthogonal frequency hopping communications channels, wherein sui 
characterized by minimal cross correlation between channels of different sets. When implementet 
configuration, as illustrated in FIG. 2, the FH-CDMA system described herein yields a one cell reu 
These aspects arediscussed in greater detail hereinafter. 

Frequency Hopping Sequences 

FIGS. 3A, 3B, 3C depict the construction of communications channels from sequences of carrier f 
accordance with the invention. 

In particular, the minimally cross correlated frequency hopping communications channels describ 
defined in accordance with the code division technique illustrated in FIGS. 3A, 3B, and 3C. 

FIG. 3A is a chart relating each channel 1, 2, 3, 4, to a unique series of frequency-hopping seque 
indicating the manner in which four orthogonal communications channels 1 , 2, 3, 4 are defined fr 
frequencies 1 , 2, 3, 4. . . , N. It should be noted that sequences 1,2,3, and 4 are identical to ea 
each shifted one time slot from each other, such that sequences 1 , 2, 3, and 4 are mutually orthc 

As illustrated in FIGS. 3A, 3B, and 3C, multiple communication channels using the same carrier fi 
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attained by allocating the carrier frequencies to each communications channels at preselected tin- 
hopping sequencesare used to assign the carrier frequencies to different channels during the tim< 
unique hopping sequences are selected so that they are orthogonal to one another in each site or 
that the cross-correlation between the hoppingsequences for a given site or sector is zero. 

Particular transmitted signals can be retrieved from the communications channel defined by such 
sequence by using the hopping sequence in the receiver. 

The hopping sequences are selected such that users in each site are assigned mutually orthogons 
and inter-site correlation of frequency-hopping sequences is theoretically zero. In the preferred e 
this invention there isonly one time that any carrier frequency when associated with a sequence < 
particular channel in one site interferes with any particular channel in adjacent sites. Known Forw 
Correction (FEC) and interleaving techniques can be employedin the system described herein to r 
remaining interference. A system architecture providing these features is illustrated in FIG. 6. 

With proper selection of system parameters, the frequency hopping code division multiple access 
system described herein offers advantages previously asserted for direct sequence (DS-CDMA) s\ 
addition, the user capacity ofFH-CDMA is enhanced by the intrinsic interference averaging afforde 
system, and can readily exploit the intermittent duty cycle associated with voice activity. Moreovi 
orthogonal operation described herein, interference fromco-users of a user's site is eliminated. Si 
major source of interference in nonorthogonal systems typical of DS-CDMA systems, FH-CDMA yi 
capacity and enhanced performance capabilities when structured as set forth above. Whenimplen 
cellular configuration, as illustrated in FIG. 2, the FH-CDMA system described herein also yields a 
reuse pattern. 

From an implementation standpoint, the FH-CDMA system described herein can be readily implen 
existing technologies. In particular, the mobile power control problem fundamental in DS-CDMA i 
in FH-CDMA. The one cellfrequency reuse pattern alleviates the frequency management problem, 
current cellular systems. 

Yet another aspect of this invention is that the second and third sets of the minimally cross corre 
hopping communications channels are decimated transformations of each of the minimally cross i 
frequency hoppingcom m unications channels in the first set. 

FIG. 4 depicts a decimation transform utilized in one practice of the invention. In accordance with 
depicted in FIG. 4, each of the minimally cross correlated frequency hopping communications cha 
set is defined bya unique sequence of the frequencies and the decimating transformation is perfo 
the minimally cross correlated frequency hopping communications channels in the first set by sell 
frequencies from each of the minimally cross correlatedfrequency hopping communications chanr 
set in their sequential order, skipping a first decimation number of frequencies in the sequence, s 
this process on the remaining frequencies in the sequence of each channel in theirremaining orde 
frequencies in each channel are used to define a second set of minimally cross correlated frequen 
communications channels. 

A second decimating transformation is performed on each of the minimally cross correlated frequ 
communications channels in the first set by selecting frequencies from each of the minimally cros 
frequency hoppingcom m unications channels in the first set in their sequential order, skipping a si 
number of frequencies in the sequence, and repeating this process on the remaining frequencies 
of each channel in their remaining order, until all of the frequencies in each channel are used to d 
of minimally cross correlated frequency hopping communications channels. 

in accordance with the invention, the first and second decimation numbers are different and each 
minimum factor of N, where the minimum factor of a number is the smallest number, greater tha 
be divided into thenumber with a remainder of zero. 

For example, suppose that Channel 1 of a first set of orthogonal frequency hopping communicatic 
associated with a first communications site is defined by the following frequency hopping sequeni 

wherein the numbers 1 , 2, 3, 4 and 5 represent discrete carrier frequencies. Decimation is execu- 
of the first set by selecting frequencies from the above-listed frequency hopping sequence in seqi 
skipping a firstnumber of frequencies in the sequence. This number is referred to herein as the "c 
number" or "decimation factor." For purposes of this example, suppose a decimation factor of 3. 
above sequence with a decimation factor of 3yields the following frequency hopping sequence: 

In accordance with the invention, this sequence is used to define Channel 1 of the second set of ( 
is associated with a second communications site. 
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Frequency hopping sequences for the remaining channels of Set 2 are constructed similarly, by d 
sequences for each of the channels of Set 1 by the same decimation factor of 3. 

Then, to generate the frequency hopping sequence defining Channel 1 of the third set of channel: 
associated with the third communications site--the Set 1, Channel 1 sequence is decimated by a 
decimation number, selectingfrequencies from the Set 1, Channel 1 sequence in their sequential 
the second decimation number of frequencies in the sequence. In particular, the following sequer 
decimated, for example, by the decimation factor of 2, such thatthe decimation of the sequence 

This process is repeated on the remaining frequencies in the sequence of each channel in their re 
until all for the frequencies in each channel are used to define a third set of minimally cross corre 
hoppingcommunications channels. 

It will be appreciated that the above-described operations provide sets of sequences having minir 
correlation, and support communications sites or sectors in which no two of channels in a given s 
same one of the allocatedfrequencies at the same time. The resulting system is thus characterize 
operation within a given site or sector, and minimum sector-to-sector cross-correlation. 

This system has the property that the number of available adjacent communications sites is one I 
minimum factor of the number of assigned frequencies. The minimum factor of a number is the s 
greater than one, that canbe divided into the number with a remainder of zero. Thus, if the numt 
frequencies is three, then the minimum factor is three, and the maximum number of adjacent mi 
correlated communications sites is two. If the number ofassigned frequencies is four, then the mi 
two, and only one site can be serviced. 

Similarly, if the number of frequencies utilized is 10, then only one site can be serviced. If the nu 
frequencies utilized is seven, then six sites can be serviced. Accordingly, the maximum number o 
serviced by a system ofthis invention, using a given number of N of frequencies, if N is a prime n 
a preferred embodiment of this invention, the number N of frequencies is a prime number. 

Interleaving and Forward Error Correction 

The capacity of system described herein is determined by the average interference over the entir 
Such average interference is usually much smaller than the worst case interference, unless the in 
same in all parts ofthe bandwidth. In a multiple-site embodiment of the invention, interference Cc 
form of collisions, i.e., simultaneous use of the same frequency at the same time, by users in the 
communications site, or by users in a differentcommunications site. System performance depend 
probability of collisions, and the power of the colliding interferer. 

In order to reduce the effects of such collisions, a mobile communications system in accordance \ 
invention encodes and interleaves digital information signals on the minimally cross correlated fr« 
communications channelssuch that several information-representative digital channel symbols an 
during each hop. As depicted in FIG. 5, in accordance with the slow frequency hopping scheme ei 
invention, one hop occurs for every M channel sym bols, where, for example, M= 6. 

Accordingly, as indicated in FIG. 5, corrupted bits from an interfered hop are separated by a num 
symbols S. This redundancy enables the utilization of known digital error correction techniques, s 
Error Correction(FEC), which detects errors due to collisions, rejecting selected ones of the redun 
INVALID, and accepting others as VALID. In accordance with the invention, at least two technique 
implemented to determine which ones of the redundantbits are to be accepted as VALID. 

Under the first technique, a complex measure of each sampled value of the received signal is pro 
decision chart and is assigned a value (metric) that corresponds to the decision regions of such c 
the sampled value. The metric is fed to a conventional FEC decoder for soft error correction and c 
example of a configuration utilizing an FEC decoder is depicted in FIG. 6. 

Under the second technique, a carrier/interference (C/l) ration is estimated for each hop. This es 
the FEC decoder to improve its performance. This technique can be implemented by detecting ea 
C/l ratio is below apredeterm ined threshold, and for each such hop, replacing the metric correspc 
hop with a null metric that does not affect the decision process of the FEC decoder. 

Soft Decoding/Side Information 

In the embodiment depicted in FIG. 6, system performance is further enhanced by implementing 
the known techniques of soft decision making and the use of side information. 
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Voice Activity Detection 

In a preferred embodiment of the invention, system performance is also improved by employing 
Detection (VAD), which increases system capacity by reducing the average interference level by 1 
the speech. 

FIG. 7 is a block diagram depicting the structure of a voice activity detection circuit in accordance 
invention. The circuit 600 includes a voice activity detection module 602, a transmission control r 
a channel allocationcontrol module 606. The voice activity detection module 602 measures signal 
representative of subscriber voice activity on an assigned channel to generate a channel voice ac 
preferred embodiment of the invention includeselements responsive to the voice activity signal fo 
allocating channels to subscribers. A voice activity signal indicative of silence is used in a decisior 
program to deactivate the channel in question through the transmissioncontrol module 604. A sei 
reallocates a channel to the subscriber upon resumption of voice activity through the channel allc 
606. 

Micro-Sites/Duplex Operation 

A preferred embodiment of the invention provides apparatus for defining at least a first micro-siti 
more of the adjacent communications sites, as depicted in FIG. 1 . Each micro-site reuses the san 
as are used by theadjacent communications sites. The micro-site is characterized, for example, b 
power of less than or equal to 10% the average power as the adjacent communications site in wr 
situated. This power ratio is provided by way of exampleonly, and other micro-site power levels n 
in connection with the invention. A micro-site is utilized for high usage areas, or areas in electron 
shadows, or to extend a communications sector or site. 

Under current governmental regulations, two sets of frequencies are assigned by the FCC for SMf 
set is utilized for uplink transmission from mobiles to the base station, while the other is dedicate 
transmission fromthe base station to mobile units. A fixed gap, for example, 39 MHz or 45 MHz is 
between these two sets, and channels are assigned in pairs, one for downlink and one for uplink. 

The present invention utilizes appropriate allocation of downlink and uplink channels to provide tf 
direct communication between subscribers who are in the same micro-site. Such communication 
duplex operation. 

FIG. 8 is a block diagram depicting duplex operation in accordance with the invention. As illustrat 
subscribers can be directly linked by allocation of uplink and downlink channels. In particular, duf 
isimplemented by causing one of the two subscribers to communicate uplink with a first downlink 
downlink with a first uplink channel, and causing the other of the two subscribers to communicati 
first uplink channel and downlink onthe first downlink channel. 

Thus, in accordance with the invention, the capability of full duplex operation is provided so that 
can communicate directly to each other without going through the base station, by having one su 
assigned the same uplinkchannel as the other subscriber with whom direct communication is to b 
for its downlink channel and vice versa. Similarly, the configuration depicted in FIG. 8 provides tr 
performing a conference call between multiplesubscribers within a given communications site by 
said subscribers to employ the same channel. 

Flexible Sector/Site Boundaries 

As indicated by dashed lines in FIG. 1, the boundaries of the communications sites are flexible. Ir 
preferred embodiment of the invention, depicted in FIG. 9, employs an electronically controlled a 
apparatus responsive to acontrol signal for controlling the antenna to provide a first antenna radi 
defining the first of the adjacent communications sites, apparatus responsive to a control signal f 
antenna to provide a second antennaradiation pattern which overlaps with the first antenna radia 
boundary for defining the second of the adjacent communications sites; and apparatus responsive 
of system subscribers using each of the first and second ofadjacent communications sites for cau 
signal to move the boundary. 

Multiple antennas 

Referring again to FIG, 2, the cellular system depicted therein utilizes four antennas having respe 
radiation patterns for defining first, second, third and fourth adjacent communications sites. A fift 
utilized in thesystem has a respective fifth antenna radiation pattern for defining a micro-site witl 
communications site. The micro-site reuses the same N frequencies utilized by the plurality of adj 
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communications sites, while the radiation patternof the fifth antenna defining the micro-site may 
characterized, for example, by a mean power of no more than ten percent that of the other anter 
patters. The ten percent power level is provided by way of example only, and other powerlevels r 
to define a micro-site. 

It will thus be seen that the invention efficiently attains the objects set forth above, among those 
from the preceding description. In particular, the invention provides a mobile communications sy: 
the number of usablecommunications channels exceeds the number of allocated carrier frequenci 
CDMA system described herein provides a capacity that is superior to all known cellular systems. 

It will be understood that changes may be made in the above construction and in the foregoing s 
operation without departing from the scope of the invention. It is accordingly intended that all m; 
in the above descriptionor shown in the accompanying drawings be interpreted as illustrative rath 
limiting sense. 

It is also to be understood that the following claims are intended to cover all of the generic and s 
of the invention as described herein, and all statements of the scope of the invention which, as a 
language, might besaid to fall therebetween. 



)://www.patentgenius.com/patent/5619493.html 



7/25/08 



optical ffh-cdma and interleaving - Google Search 



Page 1 of 1 



Web images Maps News Shopping Grnail more * 



drjatorres@gmail.com | 1 | H [ int | S ou 



Google 




Advance d Seare h 
Pre fere nces 



optical ffh-cdma and interleaving 



Web 



Results 21 - 24 of 24 for optical ffh-cdma and interleaving . (0.21 seconds) 



Sc e Lr jpjr p';r\ l Jlec' 

A Decidable Local Process Logic for a Non-interleaving Process Algebra of 

constructions with Fiber Bragg Grating for Optical FFH-CDMA Communication. ... 

sciericelinks.]p/j-east/journai/i/S0532S/?0G2 php - f-aliar pages - Note .this 



Search Results - [ Translate u--s page ] 

E.lnaty, "Multirate/multiclass overlapped FFH-CDMA system: Performance evaluation 
T.G.Macdonald, M.B.Pursley, "Staggered interleaving and iterative ... 




Method and apparatus for improving detection of data bits in a 

Whereas, in FFH-CDMA systems the carrier wave hops several times per data For 

example, several different techniques can be used to interleave the data ... 

wmv.wikipatenEs.com/51331 02. hr.m! - 170k • Cached - SjrrsjisT pages - Note this 

Wireless on-premises video distribution using digital multiplexing ... 

Between the optical network unit and the subscriber premises preferred super trunk 

transmitters perform a bit stream interleave type multiplexing. ... 

vw.wik " " ii -312k - Cached - 3 

Mo=o avsi.ms from www.wii<lpaisn;3.com." 

In order to show you the most relevant results, we have omitted some entries very similar to 
the 24 already displayed. 

If you like, you can repeat the search with the omitted results included. 



Previous l 2 3 



optical ffh-cdma and interleaving 




Search within results | Language Tools | Search Tips | Try Google Experimental 



Google Home - Advertising Programs - Business Solutions - Privacy - About Google 



)://www.google.com/search?hl=en&rls=GGLD.GGLD:2004-30,GGLD:< 



7/25/08 



optical ffh-cdma and interleaving spreading - Google Search 



Page 1 of 2 



Web images Maps News Shopping Grnail more * 



drjatorres@gmail.com | 1 | [ mt j Sign ou 



Google 



j Search 



' ) A dy an ce d _ Se arch 
J Preferences 



optical ffh-cdma and interleaving spreading 



Web 



Results 1 - 10 of about 77 for optica! ffh-cdma and interleaving spreading. (0.26 seconds) 



Enhanced optical fast frequency hopping-cdma by means of over ... 
[0046] Once the signal has been over spread and" interleaved, it is transmitted over the 
optical network (step d)). Preferably, the optical network is fiber ... 

www.freshpa.terUs.com/Enhanced-opticai-rasf-rreqijericy4xpp 
spreading-and-inieriea... - 47k - Cached - S>jrn;ja=; pages - Note this 

Journal of Lightwave Tec 

In addition to the higher utilization of the spectrum, the interleaved nature of .... H. Fathallah 
and L. Rusch, "Robust optical FFH-CDMA communications: ... 

— " • ' ;u::JLT-24-3-1072 - Simiiar. pages - Note this 

Method and apparatus for improving detection of data bits in a ... 

Whereas, in FFH-CDMA systems the carrier wave hops several times per data This 

interleaving of data symbols causes burst of errors to be spread out in ... 

% M93102-d9scription.htm! - 68k - 
Cached - Similar pages - Note this 

Improved r ber Bragg Grating. Array OFFH-CDMA System using a Novel . 

groups, and assigned the codes, which interleaved to each other, to the different groups. ... 
first FFH-CDMA in optical domain is proposed by using an ... 

!eee^iO:e.:eee.c;e/-8i5/50/33?34/0 i 605308 pdf? 

o n \ . ' Der=ir^'iJ3&arf«= ^ ^o < his 

(WO/2004/030254) ENHANCED OPTICAL FAST FREQUENCY HOPPING-CDMA BY ... 
ENHANCED OPTICAL FAST FREQUENCY HOPPING-CDMA BY MEANS OF OVER 
SPREADING AND INTERLEAVING FIELD OF THE INVENTION The present invention 
relates generally to ... 

- <niSPLAY=DESC - 50k - 

Note 1 1 

(WO/1993/00666 3) DATA PACKET ALIGNMENT IN A COMM UNICATION SYSTEM 
One method is to add the information to the spreading code before it is used ... in FFH- 
CDMA systems, the carrier wave hops several times per data symbol. ... 

\, v ^ 3 ;.%D!SPLAY=DESC-34k- 

Caca - , ■ - o i - Note t i s 

Flintbox - Fast frequency hopping spread spectrum for code ... 

H. Fathallah et al., Enhanced optical fast frequency hopping-CDMA by means of over 
spreading and interleaving, WO2004030254 (APN) ... 

- \ e 1 1 - 

ISSSTA 2006 

Code Acquisition in Direct Sequence Spread Spectrum Communication Systems Using an 
Approximate Fast Fourier Transform Coding for FFH-CDMA Systems - Part I: ... 

www cs.poli.usf. " % - c - a - Note this 

[PDFj Table Of Contents 

F:ie rseeei PDF/Adobe Acrobat - View as HTML 



http://www.google.com/search?hl=en&rls=GGLD%2CGGLD%3A2004-30%2CGGLD%3A... 7/25/08 



optical ffh-cdma and interleaving spreading - Google Search 



Page 2 of 2 



Combined effect of Chip Interleaving and Frequency Domain Equalization for 

Spreading Sequence Assignment in the Downlink of OFCDM Systems Using ... 

[pdf] Equalization Advantages of QFFH-CDMA over WDM in EDFAs © 

^ * ,- PDF/Adobe Acrobat 
use of Optical FFH-CDMA (fast frequency hopped code division multiple access) offers 
a STS-n signals are built byte-interleaving STS-1 signals. ... 

od gei.ijavai •- > ; ^ ^ ^ ; s ^ v. : . . N ° - Note this 



1234 Next 



optical ffh-cdma and interleaving spreading i Search \ 



Search within results | Language Tools | Search Tips | Dissatisfied? Help us improve | Try Google Experimental 



Google Home - Advertising Programs - Business Solutions - Privacy - About Google 



)://www.google.com/search?hl=en&rls=GGLD%2CGGLD%3A2004-30%2CGGLD%3A... 



7/25/08 



offh-cdma and interleaving spreading - Google Search 



Page 1 of 2 



Web images Maps News Shopping Grnail more * 



drjatorres@gmail.com | J\y Nol | - H | My Account | Sign ou 



Google 



Search 



Advanced Se irj h 
Pre fere nces 



offh-cdma and interleaving spreading 



Web 



Results 1 - 8 of 8 for offh-cdma and interleaving spreading. (0.1 9 seconds) 



Enhanced optical fast frequency hopping-cdma by means of over ... 
Click on the above for other options relating to this Enhanced optical fast frequency hopping- 
cdma by means of over spreading and interleaving patent ... 

www.freshpatents.com/Enhanced-' >■ s N ^o\\o 

spreading-and-lnierlea... - 33k - Cacpad - Sioiaajipages - Note this 

Enhanced opt^cai fast frequency hopping-cdma by means of over .., 
[0009] There is therefore a need for an OFFH-CDMA system allowing higher chip rates 
and .... [0046] Once the signal has been over spread and interleaved, ... 



Journal of Lightwave Technology 

Improved Fiber Bragg Grating Array OFFH-CDMA System Using a Novel Frequency- 
Overlapping ... which interleaved to each other to the different groups. ... 

JLT-24-3-1 072 N \lo*e this 

Subject Index - IEEE Communications Letters 

Spread spectrum communication. Digital storage; cf. Buffer storage. Digital subscriber lines. 
ADSL modems, double byte interleaving. ... 

o: vo 0974500.pdf?arnumb9r=S74500 - 

o ^ - We th 3 

Improved Fiber Bragg Grating Array OFFH-CDMA System Using a Novel ... 

groups, and assigned the codes, which interleaved to each other for frequency hopped 

spread spectrum systems," Proc. Inst. Elect. Eng. ... 

•■v, s • -16053QS.pdf? 

C«.'5308&arSt=... - Similar pages - Note this 

IEEE Transactions on Com munications. Volume 53 

On the cutoff rates of a multiclass OFFH-CDMA system. 323-334 .... Error probability of 
interleaved MC-CDMA systems with MRC receiver and correlated ... 

v^A\lrdorrnrn:K.^ html - 144k - 

Cached - Sjmii&r.&ases - Note this 

[XLsj Engineering, Aerospace 
o ' Microsoft Excel 

1313, 1310, AAC3104162, Interleaving delay reduction in DSL transmission 2017, 2014, 

AACMQ83249, Equalization advantages of OFFH-CDMA over WDM in ... 

wvvw.fc \ vyv'si 5S/p ; c Rearing .xls - Sin 

Spread-spectrum^ fregu 

Known Forward Error Correction (FEC) and interleaving techniques can be employedin ... In 
Iditi i the us i ipacit ofFH ZDMA i enhanced )y the intnns 

In order to show you the most relevant results, we have omitted some entries very similar to 



http://www.google.com/search?hl=en&rls=GGLD%2CGGLD%3A2004-30%2CGGLD%3A... 7/25/08 



-by-means-of-over- 



Note th:s 



offh-cdma and interleaving spreading - Google Search Page 2 of 2 



the 8 already displayed. 

If you like, you can repeat the search with the omitted results included . 



offh-cdma and interleaving spreading j Search 



Search within results | Language Tools | Search Tips | Dissatisfied? Help us improve | Try Google Experimental 



Google Home - Ad v t i s g -' :>grams - Business Solutions - Privacy - About .Google 



)://www.google.com/search?hl=en&rls=GGLD%2CGGLD%3A2004-30%2CGGLD%3A... 



7/25/08 



Journal of Lightwave Technology 



Page 1 of 2 



Journal of Lightwave Technology 

Published by The Optical Society of America 



• Vol. 24, Iss. 3 -- March 2006 

• • pp: 1072- 

Improved Fiber Bragg Grating Array OFFH-CDMA 
System Using a Novel Frequency-Overlapping 
Multigroup Method 

Wei-Ren Peng, Wen-Piao Lin, and Si en Chi 

Journal of Lightwave Technology, Vol. 24, Issue 3, pp. 1 072- 

Abstract 

The authors propose a novel frequency-overlapping multigroup scheme for a passive all-optical 
fast-frequency hopped code-division multiple-access (OFFH-CDMA) system based on fiber Bragg 
grating array (FBGA). In the conventional scheme, the users are assigned those codes constructed 
on the nonoverlapping frequency slots, and therefore the bandgaps between the adjacent gratings 
are wasted. To make a more efficient use of the optical spectrum, the proposed scheme divided the 
users into several groups, and assigned the codes, which interleaved to each other to the different 
groups. In addition to the higher utilization of the spectrum, the interleaved nature of the 
frequency allocations of different groups will make the groups less correlated and, hence, lower the 
multiple-access interference (MAI). The corresponding codeset and its constraints for this new 
scheme are also developed and analyzed. The performance of the system in terms of the 
correlation functions and bit error rate (BER) are given in both the conventional and the proposed 
schemes. The numerical results show that, with the multigroup scheme, performance is much 
improved compared to the conventional scheme. 
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